Abstract Background: Prevention strategies are critical to reduce infection rates in total joint arthroplasty (TJA), but evidence-based consensus guidelines on prevention of surgical site infection (SSI) remain heterogeneous and do not necessarily represent this particular patient population. Questions/Purposes: What infection prevention measures are recommended by consensus evidence-based guidelines for prevention of periprosthetic joint infection? How do these recommendations compare to expert consensus on infection prevention strategies from orthopedic surgeons from the largest international tertiary referral centers for TJA? Patients and Methods: A review of consensus guidelines was undertaken as described by Merollini et al. Four clinical guidelines met inclusion criteria: Centers for Disease Control and Prevention's, British Orthopedic Association, National Institute of Clinical Excellence's, and National Health and Medical Research Council's (NHMRC). Twenty-eight recommendations from these guidelines were used to create an evidence-based survey of infection prevention strategies that was administered to 28 orthopedic surgeons from members of the International Society of Orthopedic Centers. The results between existing consensus guidelines and expert opinion were then compared. Results: Recommended strategies in the guidelines such as prophylactic antibiotics, preoperative skin preparation of patients and staff, and sterile surgical attire were considered critically or significantly important by the surveyed surgeons. Additional strategies such as ultraclean air/laminar flow, antibiotic cement, wound irrigation, and preoperative blood glucose control were also considered highly important by surveyed surgeons, but were not recommended or not uniformly addressed in existing guidelines on SSI prevention. Conclusion: Current evidencebased guidelines are incomplete and evidence should be updated specifically to address patient needs undergoing TJA.
Introduction
Surgical site infection (SSI) remains one of the most devastating complications in total joint arthroplasty (TJA). It leads to significant patient morbidity and creates a cost burden to society [22, 35] . In the Nordic countries such as Finland, Norway, Denmark, and Sweden, an increase in revisions due to infection has been observed during the last decade [8-10, 18, 23, 34] . Data from the Swedish Knee Arthroplasty Register show that the risk of revision for infection has slightly increased from 2006-2010 as compared to 2001-2005 [34] . In the USA, infection remains a significant cause for revision arthroplasty, and this burden is projected to rise over time as our population ages and arthroplasty procedures become more numerous [2, 3, 21] . Estimated annual cost to hospitals in the USA increased from $320 million in 2001 to $566 million in 2009 [22] . This cost burden was projected at $1.62 billion by 2020 [22] .
Prevention strategies are critical to reduce infection rates in TJA, but evidence-based consensus guidelines on prevention of SSI remain heterogeneous and are not specific to TJA populations. The International Society of Orthopedic Centers (ISOC) represents an international group of 18 leading orthopedic tertiary referral centers performing over 50,000 total joint replacements collectively per year. Using this cohort of international experts, we compared clinician opinions on the prevention of SSI in TJA with existing evidence based guidelines on SSI. The purpose of this study is to (1) identify the most important infection prevention strategies in TJA from existing evidence-based guidelines and (2) to compare these recommendations with expert consensus opinion from 28 orthopedic surgeons from the largest international tertiary referral centers for TJA. We hypothesized that clinicians' views on SSI prevention would diverge from existing guidelines, and some concerns of clinicians have not been adequately addressed.
Materials and Methods

Clinician Cohort
Twenty-eight orthopedic surgeons from members of the ISOC were surveyed at the fifth annual meeting in Hamburg, Germany in April 2013. Further information about each institution can be found at www.isocweb.org. Membership criteria for application to ISOC include (1) >5,000 orthopedic procedures per year, (2) >20 orthopedic surgeons on staff who publish collectively >5 peer-reviewed publications per year, (3) commitment to both basic and clinical research, and (4) academic medical center with resident and fellow education. Members of ISOC that were represented included the following institutions: Hospital for Special Surgery (New York, NY, USA); University Hospitals (Leuven, Belgium); Sunnybrook Health Sciences Centre (Toronto, Canada); Clinica Alemana (Santiago, Chile); Helios Endo-Klinik (Hamburg, Germany); Schulthess Klinik (Zurich, Switzerland); Royal National Orthopaedic Hospital (Stanmore, UK); Ganga Hospital (Coimbatore, India); Istituto Ortopedico Rizzoli (Bologna, Italy); I.R.C.C.S. Istituto Ortopedico Galeazzi (Milan, Italy); Instituto Nacional De Rehabilitacion (Mexico City, Mexico); Sint Maartenskliniek (Nijmegen, The Netherlands); University of Cape Town, Division of Orthopaedic Surgery (Cape Town, South Africa); Skåne University Hospital (Lund, Sweden); Australian Mater Hospital (Sydney, Australia); and Australia University of New South Wales (Sydney, Australia). Over 50,000 total joint arthroplasties are performed yearly within these institutions.
Guideline Review
In order to create a survey of infection-prevention strategies, a review of consensus guidelines was undertaken as described by Merollini et al. [25] . Selection criteria included clinical guidelines on SSI providing evidence-based recommendations on multiple infection prevention strategies, published within the past 15 [30] . Selection of infection prevention strategies was based on a review of these guidelines. Inclusion criteria included all strategies relevant for orthopedic surgery. Exclusion criteria included strategies specific to other surgical disciplines (e.g., cardiac, gastrointestinal) or those relevant to routine hospital hygiene procedures (e.g., instrument sterilization).
Survey
Twenty-eight recommendations from American, Australian, and British evidence-based guidelines for infection prevention strategies were used to develop our questionnaire [25] . An additional three questions from a Swedish national project were also included ("Removal of piercings," "Preoperative showering with clorhexidine," and "Timing of prophylactic antibiotics") as well as a question on the importance of the WHO surgical safety checklist. Twenty-eight orthopedic surgeons participated in the survey with the distribution of countries shown in Fig. 1 . Participants were not informed about existing guidelines prior to the survey, but were informed on the aim of the survey. The participants were asked to rank each of the strategies according to the importance in preventing SSIs after primary arthroplasty surgery. Five answer options (scores 1-5) were given: "no knowledge/ comment," score 1; "little or no importance," score 2; "limited importance," score 3; "significant importance," score 4; and "critical importance," score 5. The proportions of strategies considered important by orthopedic surgeons were calculated using descriptive analyses of frequencies and percentages [25] . These scores are a mean value and indicate the overall perception of importance [25] . An SSI prevention strategy was considered as highly important if it was classified as significant or critically important by ≥75% the orthopedic surgeons surveyed and reached a mean response score of ≥3.5 [25] . Statistical analyses were performed using SPSS software.
Results
A summary of evidence-based guideline recommendations are presented in Table 1 . Preventive strategies recommended NHMRC Guidelines A = Body of evidence that can be trusted to guide practice B = Body of evidence that can be trusted to guide practice in most situations C = Body of evidence provides some support for recommendations but care should be taken in its application D = Body of evidence is weak and recommendation must be applied with caution GPP = Weak body of evidence but recommended based on expert opinion or clinical experience NICE Guidelines 1++ High quality meta-analysis or systematic review of randomized controlled trials (RCTs) 1+ Well conducted meta-analyses or systematic review of RCTs 1-Meta-analysis or systematic review of RCTs with high risk of bias 2++ High quality case control or cohort study with very low risk of confounding or bias 2+ Well conducted case control or cohort study with low risk of bias or confounding 2-Case control or cohort study with high risk of confounding or bias 3 Non-analytical studies (case report, case series) 4 Expert opinion, formal consensus CDC Guidelines IA = strongly recommended for implementation, supported by well-designed studies IB = strongly recommended for implementation and supported by some evidence and strong theoretical rationale II = suggested for implementation and supported by suggestive studies or theoretical rationale across most guidelines include prophylactic antibiotics, preoperative shower, antiseptic skin preparation for patients and surgical staff, sterile gowns and gloves, postoperative infection surveillance, and sterile dressing for 24-48 h (see Table 1 ). Prevention strategies not recommended by each of the evidence-based guidelines include routine hair removal from patients and use of hand jewelry and nail cosmetics by staff (see Table 1 ). Other measures not recommended by more than one of the guidelines include routine nasal decontamination, routine wound irrigation and intracavity lavage to reduce infection rates, and routine topical antibiotic administration on the incision (see Table 1 ). A summary of the ISOC survey are presented in Figs. 2, 3 , and 4. Preoperative prevention strategies described as "significant" or "critically" important by >75% of orthopedic surgeons surveyed include control of blood glucose in diabetic patients (mean, 4.2; range, 3-5), hand decontamination by surgical staff (mean, 4.6; range, 3-5), antiseptic skin preparation for patients (mean, 4.0; range, 1-5), and timing and administration of prophylactic antibiotics (mean, 4.7 and 4.6, respectively; range, 3-5 and 3-5, respectively; see Fig. 2 ). Intraoperative prevention strategies described as "significant" or "critically" important by >75% of orthopedic surgeons surveyed included use of surgical mask (mean, 4.5; range, 3-5), double surgical gloves (mean, 4; range, 2-5), sterile surgical gown (mean, 4.8; range, 4-5), antibiotic-impregnated cement (mean, 4.1; range, 2-5), ultra-clean air/laminar airflow (mean, 4.1; range, 2-5), intracavity lavage (mean, 3.9; range, 2-5), and routine wound irrigation (mean, 4; range, 2-5; see Fig. 3 ). Postoperative prevention strategies described as "significant" or "critically" important by >75% of orthopedic surgeon's surveyed included infection surveillance and prospective reporting (mean, 4.5; range, 3-5), protective dressing 24-48 h postoperative (mean, 4.1; range, [3] [4] [5] , and use of antibiotics <24 h postoperative (mean, 4.4; range, 2-5; see Fig. 4 ). The WHO safety checklist was deemed "significant" or "critical" importance in 85.7% of cases.
Discussion
The use of standardized, evidence-based guidelines should theoretically improve surgical outcomes and decrease patient morbidity across institutions. In the past 15 years, a number of guidelines on the prevention of surgical site infection have been developed, and these were reviewed in this paper. We hypothesized that existing evidence-based guidelines on SSI prevention in TJA would not fully represent the views of clinicians who routinely treat these patients. Additionally, we wanted to provide areas of deficiency that should be addressed by future level I studies with the goal of including them in future guidelines.
Many of the recommended preventive strategies of the guidelines such as preoperative prophylactic antibiotics, preoperative skin preparation of both the patients and surgical staff, and sterile surgical attire were also considered important by the participating surgeons presented in our ISOC cohort. Additional strategies such as ultraclean air, antibiotic cement, wound irrigation, and preoperative blood glucose control were also considered as highly important by the participating surgeons, but were not recommended or not uniformly addressed in existing guidelines on SSI prevention.
Preoperative optimization of risk continues to be a major focus of research in preventing SSI in TJA, and many different risk factors have been described. Some of the most important include diabetes mellitus (DM), obesity, inflammatory arthritis, preoperative anemia, congestive heart failure, and renal insufficiency [1, 4, 13, 17, 19, 24, Preoperative Phase Score Fig. 2 . Considerations on preoperative prevention strategies determined by participating surgeons. Black Considered "significant" or "critical" importance by >75% of the surveyed clinicians. White Considered "significant" or critical" importance by <75% of the surveyed clinicians. 28, 33] . In recent years, the role of diabetes and risk of SSI in TJA has received significant attention. Jämson et al. [19] found that a preoperative diagnosis of DM increased the risk of periprosthetic infection within 1 year of surgery in TJA. Morbid obesity with body mass index >40 also increased risk of SSI in this same study, with preoperative DM further increasing the risk of SSI in this cohort of patients [19] . Recent studies have questioned the role of preoperative glycemic control as a risk factor for SSI, and hemoglobin A1C values necessary for surgery have not been established [1, 17, 19] . Obesity and DM continues to increase in the US population receiving elective TJA, and further studies need to be performed to determine the role of preoperative optimization of these high risk patients.
The use of antibiotic cement in primary TJA was considered highly important by the surveyed surgeons and remains controversial internationally. Early registry data from Norway suggested that routine use of antibiotic cement, in combination with prophylactic antibiotics, for primary total hip arthroplasty reduced the rates of revision arthroplasty [12] . Additionally, studies identified subsets of patients, particularly those with preoperative DM, who may benefit from antibiotic cement in primary TJA. Chiu et al. [6] found that routine use of antibiotic cement in TKA for patients with preoperative DM reduced infection rates from 13.5% without antibiotic cement to 0% with antibiotic cement. The use of antibiotic cement for primary TJA remains controversial, however, as some studies have not Considerations on intraoperative prevention strategies determined by participating surgeons. Black Considered "significant" or "critical" importance by >75% of the surveyed clinicians. White Considered "significant" or critical" importance by <75% of the surveyed clinicians. . Considerations on postoperative prevention strategies determined by participating surgeons. Black Considered "significant" or "critical" importance by >75% of the surveyed clinicians. White Considered "significant" or critical" importance by <75% of the surveyed clinicians.
found reductions in infection rates with its usage [14, 27, 29] . Additionally, cost effectiveness is critical to decision making, and Cummins et al. [7] found that, with revision due to infection as primary outcome, cement costs <$650 or patient age <71 would be needed to keep costs below $50,000 quality-adjusted life years. Similarly, Merollini et al. [26] found that, in the Australian context, the use of antibiotic cement is cost effective; however, in combination with ultraclean air systems, costs increased by AUD/$4.59 million and health outcomes decreased (127 QALYs lost). The cost effectiveness of antibiotic cement may vary in different settings depending on patient characteristics such as age and the cost of cement. Use of antibiotic cement in primary arthroplasty is a subject that needs to be evaluated and incorporated into evidence-based guidelines. Routine testing and decontamination of carriers of resistant organisms is another area of interest in infection prevention in TJA. Neither the evidence-based guidelines nor the participating surgeons found this to be critically important in infection prevention, and long-term effects of antibiotic resistance are not well established. While indiscriminate nasal decontamination may not be cost effective, identifying carriers of resistant organisms, particularly methicillin-resistant Staphylococcus aureus, and treating them preoperatively with nasal decontamination may be effective in reducing rates of SSI in the elective orthopedic surgery population [30, 32, 36] . Kim et al. [20] found that a preoperative screening program for S. aureus carriage with preoperative treatment of positive patients resulted in decreased SSI rates in patients undergoing elective orthopedic surgery from 0.45% prior to implementation of these protocols to 0.19% in the study period. Further research should aid recommendations on the importance of nasal decontamination and long-term effects on antibiotic resistance in elective TJA patients.
Evidence-based guidelines have been shown in both orthopedic and nonorthopedic literature to improve patient outcomes and standardize clinician behavior [11, 15, 16] . Hsu et al. [16] found that introduction of national evidencebased guidelines in Taiwan improved clinician adherence to the administration of preoperative antibiotics in TJA and reduced readmission rates in this subset of patients. Another benefit to guideline development is encouraging multicenter cooperation, which may lead to larger scale level I studies to answer remaining questions. Some limitations in the development of consensus evidence-based guidelines exist. Individual variation between practice settings and across country lines creates considerations that may be difficult to address in a consensus manner. Additionally, guidelines are based on the strength of the data behind them, and significant short comings still exist regarding data for SSI prevention in TJA. We hope that identifying these deficiencies will create the impetus for improved large scale, international studies addressing these issues.
In conclusion, a number of short-comings exist in current evidence-based guidelines on prevention of SSI. Many of these guidelines are not specific to the field of TJA, and while the guidelines do address surgeries involving implants, many other disciplines are included in the analyses. Questions specific to TJA such as the use of antibiotic cement, ultraclean air, and preoperative patient optimization may be different from other surgical disciplines and other subspecialties of orthopedic surgery. In the future, consensus evidence-based recommendations in the prevention of SSI in TJA patients may be more beneficial than existing guidelines in optimizing care of this patient population. This has been successfully applied in the diagnosis of prosthetic joint infection through the American Academy of Orthopedic Surgeons evidence based guidelines. Our international group of orthopedic surgeons agreed with many of the recommendations of existing SSI prevention guidelines, but additional guidelines specific to TJA should be developed in the future to fully address issues and concerns specific to this patient population. Additionally, improved data quality through large scale randomized prospective trials would help improve guideline development.
